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Abstract 
The reflection energy loss of a cavity receiver is complicated due to the structure of multi-surface inside the cavity. Based on the 
assumption of semi-gray diffuse reflection, a fast model is proposed to solve the problem. During the calculation, each panel is 
treated as a semi-gray diffuse reflecting surface. The solar radiation energy transfer between different surfaces is also considered. 
The fast model is then used to calculate the reflection energy loss of a molten salt cavity receiver with known view factors. The 
result is compared with values calculated through other models, and the fast model is proved effective to calculate the reflection 
energy loss of cavity receivers. 
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Nomenclature 
Qref reflection energy loss (W) 
ߩ reflectivity 
Qin incident solar power (W) 
Aape aperture area (m2) 
Ar receiver surface area (m2) 
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Gsolar,i total incident solar radiation of surface i (W/m2) 
Gref,i reflected solar radiation from other surfaces to suface i (W/m2) 
Ghelio,i incident solar radiation from heliostat field (W/m2) 
F view factor 
Jsolar,i the reflection solar irradiance of surface i (W/m2) 
q the net solar radiant flux (W) 
1. Introduction 
Concentrated Solar Power (CSP) is getting the world’s attention in recent years. For solar power tower plants, the 
receiver is one of the most important component which can convert the solar energy to heat energy. There are 
usually two types of structure for central receiver, i.e. external type and cavity type. The cavity receiver has a lot of 
advantages such as the decreasing of the reflection and radiation energy loss.  
The calculation of reflection energy loss can be complex for cavity type receivers. This is mainly caused by the 
multi-surfaces structure inside the cavity. There are several models to obtain the reflection energy loss of cavity 
receiver. However, these models are either time-consuming or imprecise. In this paper, a new model is proposed 
with reasonable computing time, that can be used for dynamic modelling or real-time applications The main feature 
of this model is the consideration of solar radiation energy exchange between different surfaces inside the cavity. 
2. Models for the calculation of reflection energy loss 
2.1 Traditional models 
A simple equation is used to calculate the reflection energy loss of the cavity receiver during system simulation 
[1]. 
ref inQ QU                                        (1) 
This model is marked as M1 (model 1) in this paper. Obviously, the cavity structure is not considered in this 
equation, so the result calculated from this model is inaccurate.  
Li [2] proposed a new model to calculate the reflection energy loss by adding a parameter that account for the 
cavity structure.  
ref r inQ F QU                                    (2) 
Where  
ape
r
r
A
F
A
  
This model is marked as M2 (Model 2) in this paper. The parameter Fr is a correction to equation (1). This model 
is more accurate than the first one due to the consideration of cavity structure. However, only the blocking of 
reflection instead of the reflection energy exchange is considered. 
As shown in Fig. 1, The solar radiation from heliostat field come into the cavity and multiple reflection will occur 
inside the cavity among panel surfaces. Therefore, the reflection calculation inside the cavity is complex. Ray 
tracing model can be used to calculate the reflection radiation exchange accurately [3]. However, this model will 
cost too much time for dynamic simulation. Therefore, a new real-time model is provided in this paper. 
2.2 A new model considering the solar radiation exchange inside the cavity 
Before applying the new model, several assumption has to be made: 
(1) All the panel surfaces are diffuse and semi-gray surfaces, which means the reflectivity to solar radiation is 
constant for the same material; 
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(2) Each surface has a uniform solar radiation distribution; 
 
Fig. 1. The reflection of solar radiation inside the cavity 
 
As shown in Fig. 2, the incident solar radiation of each panel surface is actually composed of two parts. One part 
comes from the direct incidence of heliostat concentration, the other part comes from the reflection of other surfaces. 
All the surfaces inside the cavity are numbered from 1 to n-1. The aperture surface is numbered as n. Therefore, the 
incident solar radiation of surface i is as follows: 
 
Fig. 2. The incident solar radiation of single panel 
ܩ௦௢௟௔௥,௜ = ܩ௛௘௟௜௢,௜ + ܩ௥௘௙,௜                                        (3) 
Therefore, the reflection solar radiation of surface i is: 
ܬ௦௢௟௔௥,௜ = ߩ௦௢௟௔௥,௜ܩ௦௢௟௔௥,௜ = ߩ௦௢௟௔௥,௜ܩ௛௘௟௜௢,௜ + ߩ௦௢௟௔௥,௜ܩ௥௘௙,௜                       (4) 
The net incident solar radiation is obtained as follows: 
ݍ௦௢௟௔௥,௡௘௧,௜ = ܣ௜൫ܩ௦௢௟௔௥,௜ െ ܬ௦௢௟௔௥,௜൯ = ܣ௜൫ܩ௛௘௟௜௢,௜ + ܩ௥௘௙,௜ െ ܬ௦௢௟௔௥,௜൯                   (5) 
Where 
ܣ௜ܩ௥௘௙,௜ = σ ܨ௝,௜ܣ௝ܬ௦௢௟௔௥,௝௡ିଵ௝ୀଵ                                      (6) 
Applying the reciprocity of view factor, equation (6) changed as follows: 
ܣ௜ܩ௥௘௙,௜ = σ ܨ௜,௝ܣ௜ܬ௦௢௟௔௥,௝௡ିଵ௝ୀଵ = ܣ௜ σ ܨ௜,௝ܬ௦௢௟௔௥,௝௡ିଵ௝ୀଵ                              (7) 
The incident solar radiation ܩ௥௘௙,௜ which is reflected from other surfaces is: 
ܩ௥௘௙,௜ = σ ܨ௜,௝ܬ௦௢௟௔௥,௝௡ିଵ௝ୀଵ                                        (8) 
Combining equation (5) and (8) gives: 
ݍ௦௢௟௔௥,௡௘௧,௜ = ܣ௜൫ܩ௛௘௟௜௢,௜ + σ ܨ௜,௝ܬ௦௢௟௔௥,௝௡ିଵ௝ୀଵ െ ܬ௦௢௟௔௥,௜൯                            (9) 
Applying the summation rule of view factor, the equation (9) is modified as: 
Aperture
Receiver 
surface
Solar radiation
Panel surface
Ghelio Gref
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ݍ௦௢௟௔௥,௡௘௧,௜ = ܣ௜൫ܩ௛௘௟௜௢,௜ + σ ܨ௜,௝ܬ௦௢௟௔௥,௝௡ିଵ௝ୀଵ െ σ ܨ௜,௝௡௝ୀଵ ܬ௦௢௟௔௥,௜൯               (10) 
Equation (10) can be rearranged as that: 
ݍ௦௢௟௔௥,௡௘௧,௜ = ܣ௜ൣ൫ܩ௛௘௟௜௢,௜ െ ܨ௜,௡ܬ௦௢௟௔௥,௜൯ + σ ܨ௜,௝൫ܬ௦௢௟௔௥,௝ െ ܬ௦௢௟௔௥,௜൯௡ିଵ௝ୀଵ ൧                   (11) 
Combining equation (4) and (5) gives: 
ݍ௦௢௟௔௥,௡௘௧,௜ = ܣ௜ ଵିఘೞ೚೗ೌೝ,೔ఘೞ೚೗ೌೝ,೔ ܬ௦௢௟௔௥,௜                                 (12) 
The solar radiation balance equation is obtained from (11) and (12): 
ܣ௜
ଵିఘೞ೚೗ೌೝ,೔
ఘೞ೚೗ೌೝ,೔
ܬ௦௢௟௔௥,௜ = ܣ௜ ቈ
൫ܩ௛௘௟௜௢,௜ െ ܨ௜,௡ܬ௦௢௟௔௥,௜൯
+σ ܨ௜,௝൫ܬ௦௢௟௔௥,௝ െ ܬ௦௢௟௔௥,௜൯௡ିଵ௝ୀଵ
቉                          (13) 
Writing solar radiation balance equation from surface 1 to n-1 as follows: 
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The number of equations is the same with unknowns (ܬ௦௢௟௔௥,௝). Therefore, the reflection energy loss of the cavity 
receiver is as follow: 
ܳ௥௘௙ = σ ܨ௜,௡ܬ௦௢௟௔௥,௜௡ିଵ௜ୀଵ                                          (14) 
The new model is marked as M3 (model 3) in this paper. 
3. Comparison of different models 
3.1 The cavity receiver structure 
To compare the three models, they are used to calculate the reflection energy loss of the same receiver under the 
same incident solar energy. The section view of the cavity receiver is shown in Fig. 3. The section view is based on 
a existed receiver in Institute of Electrical Engineering, Chinese Academy of Sciences. The panel surfaces are 
numbered from 1 to 7 while the inner surfaces of the cavity are numbered from 8 to 13. The aperture surface is 
numbered as 14. The aperture size is 240mmh500mm. During the calculation, the incident solar radiation from the 
heliostat field to the receiver is considered only when it incident upon the panel surfaces. Two different solar 
radiation distribution are considered as shown in Table 1. The input power for surface 8-13 is set to zero. 
Table 1. The distribution of incident solar radiation on different panel surfaces 
Condition ܳ௜௡,ଵ 
(kW) 
ܳ௜௡,ଶ 
(kW) 
ܳ௜௡,ଷ 
(kW) 
ܳ௜௡,ସ 
(kW) 
ܳ௜௡,ହ 
(kW) 
ܳ௜௡,଺ 
(kW) 
ܳ௜௡,଻ 
(kW) 
Total input power 
(kW) 
1 20 20 20 20 20 20 20 140 
2 5 10 20 70 20 10 5 140 
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Fig. 3. The section view of the cavity receiver 
 
3.2 The calculation results 
Three models are used to calculate the reflection energy loss separately in two conditions. The calculation results 
are shown in Table 2. The percentage of reflection loss to total input power is shown in Fig. 4. Cavity structure can 
decrease the reflection energy loss effectively. However, M1 didn’t consider the cavity structure and overestimate 
the reflection energy loss. The calculation result of M1 is more than 4 times larger than that of M3. Therefore, this 
model should not be used to calculate the reflection energy loss for cavity receivers. M2 did a correction to M1. This 
correction effectively lower the calculated reflection energy loss by 60%. Therefore, the model is more accurate than 
M1 and can be applied to cavity receivers. Compared with M3, M2 didn’t consider the solar radiation exchange 
among panel surfaces inside the cavity. The calculation result of M2 is still large than M3. Condition 1 and 
Condition 2 are two working conditions with different distribution for incident solar power. During the calculation, 
M1 and M2 didn’t consider the effect of incident solar power distribution. For two conditions, they gave the same 
results. Condition 1 is a uniform distribution for incident solar power and the reflection energy loss from M3 is 
6.22kW. Condition 2 is closer to the real situation. The central panel received the biggest incident power while the 
panels at two sides received the least incident power. The reflection energy loss for Condition 2 is 6.91kW through 
M3. Compared with M2, M3 decrease the calculated reflection energy loss by 38%.  
Compared with M1 and M2, M3 can tell exactly the value of reflected solar radiation for each panel surface. The 
reflection energy loss distribution for Conditions 2 is shown in Fig. 5. More than 70% reflection energy loss is 
emitted by panel 3, 4 and 5. The incident solar power on the three panels is large. In addition, the reflection energy 
loss is also related with the panel position. The central part contributed a lot to the reflection energy loss. 
Table 2. The reflection energy loss calculated by different models 
Condition ܳ௥௘௙ calculated by M1 
(kW) 
ܳ௥௘௙ calculated by M2 
(kW) 
ܳ௥௘௙ calculated by M3 
(kW) 
1 28 11.17 6.22 
2 28 11.17 6.91 
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Fig. 4. The percentage of reflection energy loss calculated with different models 
 
Fig. 5. the reflection energy loss distribution for Condition 2 
4. Conclusion 
A new model is introduced in this paper to calculate the reflection energy loss for cavity receivers. Compared 
with traditional models, this model considered the reflection energy exchange among different surfaces inside the 
cavity. Therefore, the distribution of reflection energy loss can be obtained.  
In this paper, each panel is treated as one surface. Actually, the more surfaces single panel is divided, the more 
accurate the result will be. However, the calculation speed will also slow down.  
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